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Abstract 
Water for irrigation and cultivable soil is very precious and more crucial for sustainable farming in arid environments. Sohar 
Industrial Area in Oman is the major industrial zone operating in a confined area closer to agriculture farms. This study aims to 
assess the physiochemical parameters in soils and the water used for irrigation in these farms. Samples were collected from 8 
farms, 4 each from 2 sites (2 and 4 km from the industrial zone). Results show that the salinity of irrigation water varies from one 
farm to the other, where the closest farms are more affected. Most of the farm soils are saline in nature with Sodium adsorption 
ratio (SAR) of less than seven. The soil salinity is higher than water salinity with magnesium and chloride as predominant cation 
and anion respectively.  In general, the vital water and soil parameters are within the prescribed limits for the existing crop 
cultivation. 
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1. Introduction 
In the sultanate, the agricultural expansion to meet the requirement for foodstuff has accelerated the utilization of 
water resources and exploitation of more lands. The total cultivated area in 2010 was 172,071 Feddans (72,270 ha) 1. 
The water demands for irrigation are projected to rise, bringing the increased competition between agriculture and 
other uses. The dominant water using sector is the agriculture sector which accounts for 93% of the total 
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consumption. While the agriculture returns and benefits contribute only marginally to the national economy < 3% 
GDP, in which two third of the agriculture sector total is derived from wells. 
The most important agricultural area in Oman is Al Batina region which occupies almost 60% of the agriculture 
production 2. The main crops being grown are dates, fruit crop, alfalfa, vegetables and other forage crops. In 1999 
the development of Sohar industrial area was planned in Wilayat of Liwa. It has an area of 132 km2 and is located 20 
km from Sohar town. Many farms mentioned above are close to this area where farming, growing dates, vegetable 
and forage have been practiced for several years. These farms receive the emissions from the industries that are 
claimed to be one of the reasons for less productivity of cultivable land. This work is therefore aimed at studying the 
impacts of soil and irrigation water on the farms in the vicinity closure to the industrial area. 
2. Methodology of Research 
Sohar industrial port area is located in Sohar (24° 22 N, 56° 45 E) in Albatina region. The site occupies an area of 
approximately 7.5 Km in a north-south direction by 1.85 km in an east-west direction. This study is focused to 
assess the quality characteristics of soil and irrigation water in the farms surrounding the industrial area from the 
western direction. Therefore, 2 sites were selected based on the distance from the middle of the industrial area.  The 
first site is within 2 km (24°28'6.29"N; 56°36'32.07"E) while the second site is 4 km away (24°27'44.31"N; 
56°35'43.04"E). From each site, 4 farms were selected. In all the studied farms, well water is used as source of 
irrigation. Two liters of water were taken in triplicate from each well. Similarly, composite soil samples were also 
collected with shovel forced into the soil to a depth of approximately 15 cm. Soil samples were dried at 70 °C and 
sieved through 2mm sieve. The physiochemical parameters of the well water and soils were analyzed using standard 
methods 3. 
3. Results and Discussion 
3.1. Physiochemical parameters of irrigation water 
The physiochemical parameters like pH, conductivity, total dissolved solid, sodium adsorption ratio, cations 
(Na+, K+, Mg2+, Ca2+) and anions (Cl-, NO3-, SO42-) were analyzed and presented in Table 1 and 2.  
 
      Table 1. The mean  concentration  (mg/l) of physiochemical parameters of irrigation water. 
 
 
 
The pH of well water ranges from 7.10 to 8.01, which is considered suitable for irrigation according to FAO 
standards. The total salinity of the water was determined by the electrical conductivity and total dissolved solid. The 
Sites pH EC 
ds/m 
TDS  SAR K+ Na+ Mg2+ Ca2+ Cl- NO3- SO42- 
Site 1(2km) 
Farm 1 7.10 16.32  10444 4.30 23.18 665.4 857.7 382.2 5584.98 43.27 740.36 
Farm 2 7.29 11.47  7340 3.25 21.37 496.7 855.8 336.1 3827.99 12.38 524.41 
Farm 3 7.90 10.71  6854 4.64 18.10 652 740 260.8 3545.09 40.77 420.17 
Farm 4 7.75 9.63  6163 2.01 6.97 140.5 170.4 84.31 3146.08 6.65 340.05 
Site 2 (4km) 
Farm 5 7.35 2.55  1632 2.10 11.32 244.5 469.6 240.3 627.43 10.92 49.71 
Farm 6 7.78 5.90 3776 3.43 7.27 296.9 272.6 113.3 1869.63 32.31 80.17 
Farm 7 7.88 1.27 813 2.60 6.25 194 193.8 98.44 1139.91 40.96 171.07 
Farm 8 8.10 2.99  1914 3.73 9.61 317.7 294.3 58.38 791.16 48.64 134.25 
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salinity varies from one farm to another where the closest farms were more affected by salinity. According to the 
water salinity classification of FAO 4, it is obtained that farm 1 is very saline; farms 2, 3 and 4 are highly saline; 
farm 6 is medium and farms 5, 7, 8 are slightly saline. Earlier studies 5,6,7 have confirmed  the salinity problem in Al 
Batina. The reasons the earlier works are the over pumping and prolonged lack of rain which has reduced the extent 
of recharge. This situation has caused the deterioration of water and soil quality. The most affected areas are the 
farms near the coast which have abundant water salinity. Al-Rawahy and co-workers 5 have reported some of the 
consequences of this problem such as abandoned date farms, yield reduction and farming become uneconomical. A 
study done in 2010 8 has demonstrated that the yield of alfalfa under different irrigation level decreased in the same 
trend with the increasing levels of water salinity. Alfalfa is widely grown crop in these farms taken up in the study. 
The sodium adsorption ratio ranges from 2.01 to 4.64. The maximum SAR recorded in irrigation water is below 5, 
so it is evident from the FAO, 1985 guidelines 4, that there will not be any reduction in the potential infiltration in 
soil if it is irrigated with the water from these farms studied. The dominant cation is magnesium followed by 
sodium. Chloride is the dominant anion which is high in site 1 compared with site 2. The chloride is toxic in 
irrigation water because it is extremely mobile and not absorbed to soil, so it can be taken by plant easily. Nitrate 
concentration ranges between 6.65 to 48.64 mg/l. The presence of high concentration of nitrate could be from the 
applied fertilizer to the soil and leach to the groundwater. The concentration of sulfate is higher for those which are 
close to the industrial area site 1, hence there is a probability of contamination from industrial discharge. 
 
Table 2. Summary statistics of some physiochemical parameters of irrigation water for study sites 
 
 
 
 
Parameters   Site 1(2km) 
 
      Site2(4km)   
Mean±SD Min Max Mean±SD Min Max 
pH 7.51± 0.38 7.10 7.90 7.77± 0.31 7.35 8.10 
EC (ds/m) 12.03± 2.95 9.63 16.32 3.18± 1.96 1.27 5.90 
TDS(mg/l) 7700± 1891 6163 10444 2033± 1251  813 3776 
SAR 3.55± 1.18 2.01 4.64 2.97± 0.75 2.10 3.73 
     
Cations (mg/l) 
K+   17.40 ± 7.27 6.97 23.18 8.61± 2.29 6.25 11.32 
Na+ 489± 244 140.5 665.4 263± 55.51 194 318 
Mg2+ 656± 328 170.4 857.7 307± 116 194 470 
Ca2+ 265.80± 130 84.31 382.2 128± 78.63 58.38 240 
     
Anions (mg/l) 
Cl- 4026± 1076 3146 5585 1107±  551 627 1869 
NO3-  25.77± 18.94 6.65 43.27 33.21± 16.20 10.92 48.64 
SO42- 506± 173 340 740 
  
109± 54.27 49.71 171.07 
268   Tahra Talib Al-Rashdi and Hameed Sulaiman /  Procedia Environmental Sciences  28 ( 2015 )  265 – 270 
3.2. Soil chemical parameters 
Soil physiochemical variables such as pH, electrical conductivity, total dissolved solid, SAR, organic matter, 
cations and anions were examined and presented in table 3. The texture of the soil is sandy loam except for farm 3 
which is loamy sand. This type of soil will not increase the probability of pollutant like trace metals from industries 
which get adsorbed in soil, because it has no charge and the space between the particles is large. On the other hand, 
it allows the pollutants to percolate and results in groundwater pollution. pH ranges between 7.26 to 8.09.  
According to FAO 9, the soil is saline when the pH is less than 8.2 and more often near neutrality. Organic matter 
was recorded in all soils, although the amount and type varied considerably. It is well known that pH and organic 
matter are the most important indicator of soil quality and play a major role in nutrient cycling and also the 
maintenance of many soil properties. Electrical conductivity and total dissolved solid are higher in site 1 especially 
in the two first farms compared with site 2. The salinity of soil is higher than the water salinity. The amount of salt 
brought in to the soil with water may seem negligible but if saline water is used for irrigation continuously, the salt 
will accumulate and stay in soil. Sodium adsorption ratio of soil was between 0.42 to 6.96. Since the electrical 
conductivity is higher than 4 and the sodium adsorption ratio is <13, the soil will fall into the category of saline soil. 
In general, the soils contain magnesium and chloride as predominant cation and anion respectively (Fig. 1 and 2). 
The critical toxicity concentration is about 4-7 and 15-50 mg/g for Cl sensitive and Cl tolerant plant species 
respectively. NO3 concentration is varied among the farms soil site showing higher concentrations. Nitrate has 
different sources in soil. If plant residues are high in organic N content, residual soil NO3-N will be higher than that 
in soils containing residues of lower organic N content. Sulfate in soil shows higher concentrations especially in site 
1. There is a probability of sulfur accumulation from air to the soil from industrial emission. 
 
      Table 3. The mean ± SD, Min, Max of the soil physicochemical parameters in Site 1 and Site 2 
   Site 1(2km) Site 2(4km) 
Parameters   Mean ± SD   Min    Max    Mean ± SD   Min    Max  
pH    7.35 ± 0.08 7.26 7.46 7.80 ±0.21 7.50 8.00 
EC(ds/m) 12.46  ± 4.65 8.13 17.09 5.39 ± 1.80 3.91 7.77 
TDS(mg/l)        
7976  ± 2978 5203.00 10943.00 3450  ± 1149 2502.00 4972.00 
SAR   5.04  ± 1.82 2.84 6.96 2.18  ± 1.62 0.42 4.27 
OM % 2.79  ± 1.08 1.20 3.45 1.55  ± 0.29 1.16 1.87 
  
Cations(mg/l) 
K+ 58.59 ± 25.89 32.16 92.84 27.06 ± 14.71 16.11 48.57 
Na+ 408.58 ±192.60 295.00 696.80 215.55± 59.99 160.30 282.90 
Mg2+  828± 426.45 420.00 1345.00 272.68 ± 128.23 195.50 464.00 
Ca2+ 933.05 ± 303.91 583.00 1278.00 351 ± 184.13 146.00 583.00 
Aniona(mg/l) 
Cl-  3883 ± 1815.13 2133.00 5633.00 1357 ± 712 815.00 2321.00 
NO3- 10.65 ± 9.14 2.54 23.77 246.07 ± 115.88 92.78 371.33 
SO42- 776.41 ± 297.04 381.00 1082.00 361.72 ± 261.06 146.62 738.21 
 
Studies have shown the changes of soil properties due to irrigation with the high salt content in the case of fresh 
water 10, 11 and waste water use 12,13. In all these studies, the increase of soil pH and soil solution SAR is clearly 
evident. 
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Fig. 1. The mean concentration of cations ( K+, Na+, Mg2+, Ca2+) in soil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The mean concentration of anions (Cl-, NO3-, SO42-) in soil. 
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4. Conclusion 
The farms in this study area have been under cultivation for so long and considered economically important to 
the farmers. All farms’ soil and irrigation water are saline, where this has been confirmed by the earlier studies. 
Chloride is the predominant ion found both in soil and water. SAR values in soil are well within the prescribed 
range of salt affected soils that can still support the cultivation of certain type of crops. In arid climates, the 
physiochemical impact of irrigation water on soil may be increased by the large evaporative demand which quickly 
concentrates the mineral constituents in soil. Moreover, the impacts from the industrial zone through their various 
activities might accelerate further deterioration of the measured variables of water and soil quality in the study area. 
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